A yellow-pigmented, scotochromogenic, slowly growing mycobacterial strain, designated T1921
A yellow-pigmented, scotochromogenic, slowly growing mycobacterial strain, designated T1921
T , was isolated from the disseminated osteomyelitic lesions of a 7-year-old child with an underlying partial gamma interferon receptor alpha-1 deficiency. Hybridization by the line probe assay indicated the presence of a Mycobacterium species. Sequencing of the 16S rRNA gene, the internally transcribed spacer (ITS) region and the hsp65 and rpoB genes revealed that strain T1921 T could be differentiated from all recognized species of the genus Mycobacterium.
Phylogenetic analysis based on the 16S rRNA gene indicated that strain T1921 T was related most closely to Mycobacterium intracellulare, whereas analysis based on the ITS and hsp65 and rpoB genes indicated that it was most closely related to Mycobacterium avium. Phenotypic tests were not able to differentiate strain T1921 T from similar slowly growing mycobacteria. Strain T1921 T is considered to represent a novel species of the genus Mycobacterium, for which the name Mycobacterium arosiense sp. nov. is proposed. The type strain is T1921 T (5DSM 45069 T 5ATCC BAA-1401 T ).
Current techniques for genetic sequencing and mycolicacid analyses have greatly enhanced the ability to differentiate among organisms within mycobacterial taxonomy (Tortoli et al., 2001; Janda & Abbott, 2002) . Pathogenic, slowly growing, non-tuberculous mycobacteria (NTM) can cause a wide range of diseases, including osteoarticular disease (Heifets, 2004) . Mycobacterium avium and Mycobacterium intracellulare have been described in case reports to be the causative agents of osteomyelitis in both immunocompetent and immunocompromised children (Raszka et al., 1994; Villella et al., 2001; Arend et al., 2001; Collert et al., 1983) . In most cases, they cause disease that is not severe, but, in immunocompromised individuals, disseminated disease may be life threatening. Here we characterize and describe a slowly growing Mycobacterium-like strain, isolated from different sites of osteomyelitic lesions from a young girl, and show that this represents a novel species of the genus.
A 7-year-old girl with a hereditary partial gamma interferon (IFN-c) receptor alpha-1 deficiency presented with fatigue, low-grade fever, weight loss (2.5 kg) and pain in the left clavicle. ) with neutrophilia (58 %). A bone (technetium-99m, 99m Tc) scan, magnetic resonance imaging and radiography confirmed changes consistent with disseminated osteomyelitis of the left clavicle, chest and extremities. Three isolations, obtained from different sites of the osteomyelitic bone lesions, revealed the presence of acid-fast bacilli based on auramine-rhodamine-stained fluorescence microscopy, with smear grades of 2+, 1+ and 3+, respectively, as described by Smithwick (1979) . All the samples fulfilled the American Thoracic Society criteria for clinical significance (American Thoracic Society, 1997). Therapy was initiated with rifabutin, ethambutol, isoniazid and clarithromycin for a period of 1 year and there were no signs of relapse 18 months later. Drug susceptibility testing was performed by using the BACTEC 460 radiometric system (Siddiqi, 1996) and minimal inhibitory concentrations were determined in Middlebrook 7H9 broth. The organism was found to be susceptible to clarithromycin, rifamycins, amikacin, moxifloxacin, linezolid and clofazimine by using the two methods above (Table 1) . Resistance was observed to isoniazid, ciprofloxacin, ofloxacin and streptomycin. Ethambutol gave variable results with the two methods, probably due to the lack of a standardized procedure.
Single bacterial strains were isolated from different locations: one from clavicle biopsy material (T1921 T ) and two from bone marrow samples (T1919 and T1920). The biopsy specimen was subjected to standard decontamination with N-acetyl-L-cysteine/NaOH and cultured on Löwenstein-Jensen and BACTEC MGIT 960 liquid media (Becton Dickinson). The bone marrow specimens were seeded directly in a BACTEC MGIT 9050 (Becton Dickinson) system and on Löwenstein-Jensen slants without N-acetyl-Lcysteine/NaOH pretreatment. All three isolations were subjected to repeated genotypic and phenotypic analyses and revealed similar results, indicating that they represented a single strain. Testing by the commercial line probe system (INNO LiPA MYCOBACTERIA v 2; Innogenetics) used for mycobacterial species identification was performed according to the manufacturer's instructions. Hybridization with the genus-specific probe and failure to hybridize with species-specific probes in the 16-23S rRNA gene internally transcribed spacer region (ITS) indicated the presence a Mycobacterium strain that did not belong to any species identifiable with the system. Genetic sequencing of the almost-complete 16S rRNA gene and partial rpoB and 65-kDa heat-shock protein (hsp65) genes and the ITS between the 16S and 23S rRNA genes was carried out by using standard procedures (Kirschner et al., 1993; Roth et al., 1998; McNabb et al., 2004; Adekambi et al., 2003) . Phylogenetic analysis was carried out via alignment by using BLAST searches (GenBank). The gene sequences of strain T1921
T were compared with the most closely related mycobacterial species present in major international nucleotide sequence databases (GenBank, EMBL, DDBJ).
The almost-complete 16S rRNA gene sequence of strain T1921
T did not match that of any known mycobacterial species (GenBank database; http://www.ncbi.nlm.nih.gov/ BLAST/). When the sequence of the 16S rRNA gene of strain T1921
T was compared with those of the most closely related species, there were six (0.42 %) mismatches with the type strain of M. intracellulare in a 1441 bp stretch and 11 mismatches (0.74 %) with that of M. avium in a 1495 bp stretch. In the hypervariable region A of the 16S rRNA gene, two mismatches occurred, with a substitution of A for T at position 203 and a T for A at position 205 (Escherichia coli 16S rRNA gene positions). In the hypervariable region (420 bp) of the hsp65 gene, the closest match was to the type strain of M. avium, which (Adekambi et al., 2003) as a gold standard for the genetic differentiation of rapidly growing mycobacteria, the closest match was again with the type strain of M. avium, but which was characterized by 40 mismatches (94 % similarity). Finally, in the ITS, on which the differentiation of M. avium complex (MAC) sequevars is based (Mijs et al., 2002) , strain T1921 T differed, in a fragment of 309 bp, by 11 bp (96 % similarity) from the type strain of M. avium.
Phylogenetic trees were constructed for all the above genetic regions, with the exception of the ITS region, based on the neighbour-joining method (Saitou & Nei, 1987) and with the type strain of Mycobacterium tuberculosis as an outgroup. In the tree based on the 16S rRNA gene, strain T1921
T fell within the slowly growing Mycobacterium species (Fig. 1) . Phylogenetic trees based on the hsp65 and rpoB genes are available as Supplementary Fig. S1 in IJSEM Online. The tree based on rpoB gene sequences turned out to be poorly significant as almost all database sequences of this gene are for rapid growers, with the only entries related to strain T1921
T being a number of M. avium strains.
GLC analysis of fatty acids, fatty alcohols and mycolic acid cleavage products was performed as described by Torkko et al. (2003) . All strains were grown on Middlebrook 7H11 agar. Fatty acid analysis of strain T1921 T by GLC (Fig. 2 ) showed a profile with close similarity to that of M. intracellulare (not shown). Fatty acids typical of mycobacteria were present. The major fatty acids of strain T1921 T were 16 : 0 and 10-methyl 18 : 0 (tuberculostearic acid). The main mycolic acid cleavage product was 24 : 0. In addition, alcohols 2-OH 20 : 0 and 2-OH 18 : 0 were present, but the latter was only a minor component. HPLC analysis was performed by using a System Gold instrument (Beckman) with Ultrasphere-XL column according to standard procedures (Butler et al., 1996) . Mycolic acids were prepared by saponification and extraction of whole cells and then derivatized to bromophenacyl esters. Low-and high-molecular-mass standards were included for peak identification. Analysis of mycolic acids by HPLC showed the typical three-clustered pattern shared by MAC species and by Mycobacterium scrofulaceum. Minor differences in the second and third cluster of peaks (Fig. 3) were within the variability typically reported when using this method.
Acid-alcohol-fastness was verified by Ziehl-Neelsenstained smears from colonies grown on Löwenstein-Jensen slants. Tests for growth and biochemical characteristics were carried out by using conventional techniques (Lévy-Frébault & Portaels, 1992; Torkko et al., 1998) . bGalactosidase activity was determined by using commercial discs according to the manufacturer's instructions (Rosco). After growth for 14 days on Middlebrook 7H11 agar medium, strain T1921
T formed small, smooth, yellow scotochromogenic colonies with heavy inocula; the strain did not grow well on egg glycerol medium at temperatures of 36-42 u C. Growth was observed at temperatures of 30-42 u C, with optimum growth at 42 u C. No growth was observed after 8 weeks at 22 or 45 u C. Strain T1921 T was positive for thermotolerant catalase, pyrazinamidase, acid phosphatase and alkaline phosphatase, but negative for Tween 80 hydrolysis, catalase (semi-quantitative analysis) and urease, arylsulfatase (after 14 days), a-galactosidase and b-galactosidase. The nitrate reductase test was positive, in contrast to results for M. avium, M. intracellulare and M. scrofulaceum (Table 2) (Murray et al., 2007) . However, these phenotypic features were not sufficient to differentiate strain T1921
T from other closely related slowly growing mycobacteria.
The MAC traditionally consists of 28 serotypes (serovars) belonging to the species M. avium and M. intracellulare. M. scrofulaceum is no longer recognized as part of this 
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complex (Murray et al., 2007) . The MAC has recently been extended with the description of Mycobacterium chimaera (Tortoli et al., 2004) , and evidence for a fourth species within the MAC has recently been presented with the description of Mycobacterium colombiense (Murcia et al., 2006) . Strain T1921 T possesses unique 16S rRNA, hsp65, ITS and rpoB gene sequences, and can readily be distinguished from all other known mycobacteria on this basis.
The case history confirms that the novel mycobacterium was the cause of a serious disseminated osteomyelitis in a child suffering from a partial IFN-c receptor alpha-1 deficiency. The father of the child was likewise diagnosed with the previously undescribed defect at position 794delT in the IFN-c gene, and he had previously been susceptible to severe mycobacterial infections (Herlin et al., 1981; Storgaard et al., 2006) . Rare hereditary syndromes of both partial and complete IFN-c deficiencies that render patients susceptible to infections with NTM have previously been described (Villella et al., 2001; Arend et al., 2001) . These patients often remain at life-long risk of the recurrence of infections with NTM, stressing the importance of reporting unusual strains in order to increase awareness of and improve therapeutic strategies for these rare infections. The pathogenicity of the proposed slowly growing mycobacterial species was supported by the presence of clinical signs of osteomyelitis, laboratory findings and response to treatment. It is proposed that strain T1921
T represents a novel species of the genus Mycobacterium, for which the name Mycobacterium arosiense sp. nov. is proposed.
Description of Mycobacterium arosiense sp. nov.
Mycobacterium arosiense (a.ro.si.en9se. N.L. neut. adj. arosiense pertaining to Arosia, the Latin name of Aarhus, the city in Denmark where the type strain was isolated).
Cells are rod-shaped and acid-fast. Produces small, smooth, yellow scotochromogenic colonies after 14 days at 36-42 u C. Optimum temperature for growth is 42 u C. Positive for thermotolerant catalase activity, nitrate reductase, pyrazinamidase, acid phosphatase and alkaline phosphatase; negative for catalase in the semi-quantitative test (,45 mm foam). Cannot be differentiated from other closely related slowly growing mycobacteria based on phenotypic test results. Susceptible in vitro to clarithromycin, rifamycins, amikacin, moxifloxacin, linezolid and clofazimine, but resistant to isoniazid, fluoroquinolones and streptomycin. The fatty acid profile is similar to that of M. intracellulare via GLC and is indistinguishable from that of M. intracellulare via HPLC. The sequences of the 16S Fig. 3 . HPLC fatty acid profile of strain T1921
T compared with that of M. intracellulare. LMMIS, Low-molecular-mass internal standard; HMMIS, high-molecular-mass internal standard. 
